
성균관대학교 휴먼ICT융합학부 교수
Health-IT Convergence Evangelist

최윤섭, Ph.D.

Health-IT 컨버전스로 인한 파괴적 의료 혁신
: 유전자에서, 인공지능, 3D 프린터, 웨어러블까지



“It's in Apple's DNA that technology alone is not enough. 
It's technology married with liberal arts.”



The Convergence of IT, BT and Medicine









Inevitable Tsunami of Change



http://rockhealth.com/2015/01/digital-health-funding-tops-4-1b-2014-year-review/

• 2014 디지털 헬스케어 스타트업의 총 펀딩 규모는 $4.1 billion

• 이는 2011-2013년의 펀딩 규모를 모두 합친 것보다도 더 큰 규모

• 2013년에 비해서는 125% 증가한 규모



Health 2.0 Seoul Chapter’s First Event
한국에서도 고조되는 Health 2.0 에 대한 관심

3월 24일 (일) 아침 9시, Health 2.0 Seoul Chapter
의사, IT 벤처 기업, 대기업, 교수, 벤처캐피털리스트 ... etc



변화에 대처하기 위한 출발점은?





Google Fit



Samsung SAMI



Apple Watch













Why Now?





9,223,372,036,854,775,808



Moore’s Law
“The number of transistors in a dense integrated circuit 

doubles approximately every two years.”

• Microprocessor price

• Memory capacity

• The number of pixels in digital camera



Moore’s Law



“2006년이 무어의 법칙에 따라 2배씩 증가한, 

32번째 되는 해가 된다!

우리는 이미 체스판의 후반부에 접어들었다.”



ASCI RED (1997)





Playstation 3 (2006)



CRAY-2 (1985)



iPad2 (2011)



• Personal Genome Service
• 23andMe

• Diagnosis by Computers
• IBM Watson

• Wearable Healthcare Devices
• Google Glass

• Proteus Digital Health

• 3D Printers

• Smart/Mobile Healthcare
• AliveCor

• Apple HealthKit



Personal Genome Service
개인 유전정보 분석





What have been changed?



2003 Human Genome Project 13 years (676 weeks) $2,700,000,000

2007 Dr. Craig Venter’s genome 4 years (208 weeks) $100,000,000

2008 Dr. James Watson’s genome 4 months (16 weeks) $1,000,000

2009 (Nature Biotechnology) 4 weeks $48,000

현재 1-2 weeks ~$5,000



13 years 1 week
(676 weeks)

Over the last decade,



$2,700,000,000 ~$5,000

Over the last decade,



Ferrari 458 Spider

$398,000 40 cents
http://www.guardian.co.uk/science/2013/jun/08/genome-sequenced



The $1000 Genome is Already Here!



The $1000 Genome is Already Here!







CEO/Co-Founder Anne Wojcicki

“THE MOST DARING CEO”



• Sergey Brin donated $50m to fund the 23andMe's Parkinson's Disease 
research, when the company revealed that he's high-risk for the condition.

• Sergey Brin and his mother, who is a Parkinson’s Disease patient, turned out 
to have same mutation on LRRK2 gene.

Sergey Brin
Anne Wojcicki



Results within 6-8 weeksA little spit is all it takes!

DTC Genetic Testing
Direct-To-Consumer



120 Disease Risk
21 Drug Response
49 Carrier Status
57 Traits $99



Abdominal Aortic Aneurysm
Age-related Macular Degeneration *
Alcohol Dependence
Alopecia Areata
Alzheimer's Disease *
Alzheimer's Disease: Preliminary Research
Ankylosing Spondylitis
Asthma
Atopic Dermatitis
Atrial Fibrillation *
Atrial Fibrillation: Preliminary Research
Attention-Deficit Hyperactivity Disorder
Back Pain
Basal Cell Carcinoma
Behçet's Disease
Bipolar Disorder *
Bipolar Disorder: Preliminary Research
Bladder Cancer
Brain Aneurysm
Breast Cancer *
Breast Cancer Risk Modifiers
Celiac Disease *
Celiac Disease: Preliminary Research
Chronic Kidney Disease *
Chronic Lymphocytic Leukemia
Chronic Obstructive Pulmonary Disease (COPD)
Cleft Lip and Cleft Palate
Cluster Headaches
Colorectal Cancer *
Coronary Heart Disease *
Coronary Heart Disease: Preliminary Research
Creutzfeldt-Jakob Disease
Crohn's Disease *
Developmental Dyslexia
Dupuytren's Disease
Endometriosis
Esophageal Cancer: Preliminary Research
Esophageal Squamous Cell Carcinoma (ESCC) *
Essential Tremor
Exfoliation Glaucoma *
Follicular Lymphoma

Gallstones *
Generalized Vitiligo
Gestational Diabetes
Glaucoma: Preliminary Research
Gout
Hashimoto's Thyroiditis
Hay Fever (Allergic Rhinitis)
Heart Rhythm Disorders (Arrhythmias)
High Blood Pressure (Hypertension)
Hodgkin Lymphoma
Hypertriglyceridemia
Hypothyroidism
Intrahepatic Cholestasis of Pregnancy
Keloid
Kidney Cancer
Kidney Disease
Kidney Stones
Larynx Cancer
Lou Gehrig's Disease (ALS)
Lung Cancer *
Lupus (Systemic Lupus Erythematosus) *
Male Breast Cancer
Male Infertility
Melanoma *
Melanoma: Preliminary Research
Meningioma
Migraines
Multiple Sclerosis *
Myeloproliferative Neoplasms
Narcolepsy
Nasopharyngeal Carcinoma
Neural Tube Defects
Neuroblastoma
Nicotine Dependence
Nonalcoholic Fatty Liver Disease
Obesity *
Obesity: Preliminary Research
Obsessive-Compulsive Disorder
Oral and Throat Cancer
Osteoarthritis
Otosclerosis

Ovarian Cancer
Paget's Disease of Bone
Pancreatic cancer
Parkinson's Disease *
Parkinson's Disease: Preliminary Research
Peripheral Arterial Disease
Placental Abruption
Polycystic Ovary Syndrome
Preeclampsia
Primary Biliary Cirrhosis *
Primary Biliary Cirrhosis: Preliminary Research
Progressive Supranuclear Palsy
Prostate Cancer *
Psoriasis *
Restless Legs Syndrome *
Restless Legs Syndrome: Preliminary Research
Rheumatoid Arthritis *
Sarcoidosis
Sarcoma
Schizophrenia
Scleroderma (Limited Cutaneous Type) *
Scoliosis
Selective IgA Deficiency
Sjögren's Syndrome
Squamous Cell Carcinoma
Stomach Cancer (Gastric Cardia Adenocarcinoma) *
Stomach Cancer: Preliminary Research
Stroke
Sudden Cardiac Arrest
Tardive Dyskinesia
Testicular Cancer
Thyroid Cancer
Tourette's Syndrome
Type 1 Diabetes *
Type 2 Diabetes *
Ulcerative Colitis *
Uterine Fibroids
Venous Thromboembolism *



‘The more you know about your DNA, the more you know about yourself ’



‘The more you know about your DNA, the more you know about yourself ’



2006

$999→$3992008.9 →$992012.12





23andMe raised $50 million dollars last year to drop the price of the kits 
from $999 to $99 and dramatically grow its database.

“This change is not just about a new price point for personal genetic testing. It is about 
an ambitious plan that could transform medicine for generations to come.”

“One million customers can be the tipping point that moves medicine into the 
molecular era.  …  A genetic data resource of this magnitude has enormous potential 
to address unanswered questions related to the contributions of genes, the 
environment and your health. ” 

- Co-founder&CEO, Anne Wojcicki



- In the last fiver years, 23andMe has mapped the genotype of 475,000 people.
- We’ll hit a million sometime in the first quarter of next year.



23andMe now has more than 700,000 genotyped customers
July 29, 2014



23andMe Customer Growth

http://goldbio.blogspot.kr/2014/12/pg-100.html



https://www.23andme.com/slideshow/research/

고객의 자발적인 참여에 의한 유전학 연구

깍지를 끼면 어느 쪽 엄지가 위로 오는가?

아침형 인간? 저녁형 인간?

빛에 노출되었을 때 재채기를 하는가?

근육의 퍼포먼스

쓴 맛 인식 능력

음주 후 얼굴이 붉어지나?

유당 분해 효소 결핍?

고객의 81%가 10개 이상의 질문에 자발적 답변
매주 1 million 개의 data point 축적

The More Data, The Higher Accuracy!



January 13, 2015January 6, 2015

Data Business



January 14, 2015

Wojcicki said her company has actually signed 
a total of 14 partnerships with private 
companies and universities. 

… If the other 12 deals are anything like the 
ones with Genentech and Pfizer, they could be 
very beneficial to 23andMe’s financial outlook, 
and its ability to continue building its database 
of whole-genome sequencing data.





Health Risks



Health Risks



Health Risks



Drug Response



Traits
음주 후 얼굴이 붉어지는가
쓴 맛을 감지할 수 있나

귀지 유형
눈 색깔
곱슬머리 여부
유당 분해 능력

말라리아 저항성
대머리가 될 가능성
근육 퍼포먼스
혈액형
노로바이러스 저항성
HIV 저항성

흡연 중독 가능성



Ancestry Composition



Neanderthal Ancestry



• 분석 결과의 정확성에 대한 FDA의 검증 필요
• Analytic & clinical validation data 제출 지연
• 외부적 이슈들



October 1, 2014



December 1, 2014



2015.2.19



의의
• ‘블룸 증후군’ 이라는 하나의 질병에 대한 유전자 테스트를 FDA 승인

• 최초로 승인 받은 DTC (Direct-to-Consumer) 유전자 테스트

• Class II 로 분류되어, 유사 DTC 테스트도 향후 시장 출시 전 심사 면제

“몇년 전만 하더라도 꿈도 꿀 수 없는 일이다”



전망
• 23andMe 의 다른 유전자 테스트들도 FDA 등록 러쉬 예상

• 개인 유전자 분석 (PGS) 시장의 본격적인 개화

• 한국 식약처 포함, 전세계 규제 기관에도 직간접적 영향 예상





Diagnosis by Computers
수퍼 컴퓨터가 환자를 진단한다



“It would take off on its own and re-design itself at 
an ever increasing rate. Humans, who are limited 
by slow biological evolution, couldn’t compete, and 
would be superseded.”
- Stephen Hawking, Dec 2014



“If I had to guess at what our biggest existential 
threat is, it’s probably that. 

… With artificial intelligence we are summoning 
the demon.

... there should be some regulatory oversight, 
maybe at the national and international level”

- Elon Musk, Nov 2014



""I am in the camp that is concerned about 
super intelligence…  A few decades after that 
though the intelligence is strong enough to be a 
concern. 

I agree with Elon Musk and some others on this 
and don't understand why some people are not 
concerned.""

- Bill Gates, Jan 2015



"If we build these devices to take care of 
everything for us, eventually they'll think faster 
than us and they'll get rid of the slow humans to 
run companies more efficiently."

- Steve Wozniak, March 2015







Luddites in the 1810’s



• AP 통신: 로봇이 인간 대신 기사를 작성

• 초당 2,000 개의 기사 작성 가능

• 기존에 300개 기업의 실적 ➞ 3,000 개 기업을 커버



Vinod Khosla Founder, 1st CEO of Sun Microsystems
Partner of KPCB, CEO of Khosla Ventures
Legendary Venture Capitalist in Silicon Valley



“Technology will replace 80% of doctors”





Jeopardy!

2011년 인간 챔피언 두 명 과 퀴즈 대결을 벌여서 압도적인 우승을 차지



“Its largest airport was named for a World War II hero; 
its second largest, for a World War II battle"

“What is Chicago”



IBM Watson on Jeopardy!

• 신뢰도에 따라 여러 가지 답을 제공

• 답에 대한 확신을 buzz threshold 로 보여줌



IBM Watson on Jeopardy!



Memorial Sloan Kettering 
Cancer Center

• 세계에서 가장 오래되고, 가장 큰 사립 암 병원

• Watson은 2012년 3월부터 ‘레지던트’ 생활

• 폐암을 시작으로, 유방암/전립선암으로 확대 계획

• 의사와 유사한 ‘트레이닝’ 과정을 수천 시간 거침



600,000 pieces of medical evidence
2 million pages of text from 42 medical journals and clinical trials

69 guidelines, 61,540 clinical trials

IBM Watson on Medicine
Watson learned...

+
1,500 lung cancer cases

physician notes, lab results and clinical research
+

14,700 hours of hands-on training



어떻게 사용되나?

• Interactive Care Insights for Oncology

• 환자를 치료하기 위해 가능한 치료법들을 의사에게 추천

• 방대한 의학/임상 데이터, 환자 진단 정보 등을 고려하여 다수의 적절한 치료법 제안

• Interactive Care Guide & Interactive Care Reviewer

• 의료보험사의 입장에서, 의사가 제안한 치료법에 의료보험 급여를 지급할 것인지 판단

• 의사가 제시하는 치료법과 Watson이 제시하는 치료법을 비교

• 거대 민간 보험사 WellPoint 에서 사용 중



• 의사는 진료 전에 (환자의 데이터를 일일이 찾지 않고) Watson으로 치료/검사 옵션을 살펴봄

• 환자의 EMR(전자 의료 기록)에 Watson 기능이 통합되어 있음

• 환자에게 어떤 검사를 해야 하는지 (reference와 함께) 제시하여 줌

• 검사 결과를 반영, ‘치료 옵션(treatment options)’을 신뢰도 및 근거와 함께 제시하여 줌



EMR Treatment Plans

Clinical Trials Evidences



ISSUES

컴퓨터가 인간 의사보다 
더 정확하게 환자를 진료할 수 있을까?



컴퓨터가 의사보다 
나은 8가지

• 실시간 환자 모니터링이 가능

• 표본 데이터가 훨씬 방대함

• 데이터 처리 능력이 탁월

• 연중무휴 근무 가능

• 환자가 어디 있든 진단 가능 

• 비용 및 인건비 절감

• 높은 정밀도

• 편견 없는 객관적 판단

의사가 컴퓨터보다 
나은 8가지

• 불의의 사고에 대한 대처 능력

• 예외적인 사례에 대한 해결

• 새로운 질병에 대한 등장

• 환자에 대한 인간적 접근

• 끊임 없는 연구의 필요성

• 컴퓨터의 관리 감독 필요

• 창의성/직감의 필요성

• 패러다임 전환에 대응

By 미래학자 토머스 프레이



MD Anderson Cancer Center



MD Anderson’s Oncology Expert Advisor Powered by IBM Watson
: A Web-Based Cognitive Clinical Decision Support Tool

Koichi Takahashi, MD (ASCO 2014)



• Trained by 400 cases of historical patients cases

• Assessed accuracy OEA treatment suggestions 
using MD Anderson’s physicians’ decision as benchmark

• When 200 leukemia cases were tested, 

• False positive rate=2.9% (OEA 추천 치료법이 부정확한 경우)

• False negative rate=0.4% (정확한 치료법이 낮은 점수를 받은 경우)

• Overall accuracy of treatment recommendation=82.6%

• Conclusion: Suggested personalized treatment option 
showed reasonably high accuracy

MD Anderson’s Oncology Expert Advisor Powered by IBM Watson
: A Web-Based Cognitive Clinical Decision Support Tool



• Watson 그룹을 독립시키고, CEO 직속 조직으로 지위 격상

• 2,000명을 투입하여 현재 인력의 5배 + $1 billion 투자

• $100 million을 투자하여 관련 어플리케이션을 만드는 벤처 생태계 조성



http://mobihealthnews.com/29906/ibms-watson-fund-invests-in-health-social-network-welltok/

• 총 $100 million을 Watson 관련 Application을 
만드는 벤처에 투자, 생태계 조성 계획

• 소셜네트워크 기반의 헬스케어 스타트업 
WellTok 에 투자 (’14. 2)

• 자연어 처리에 기반, 
사용자의 질문에 답/추천 제공



Watson + Pathway Genomics

• Watson Fund 는 Pathway Genomics 에 투자

• 개인 유전 정보 및 건강 정보를 통합하고 Watson을 통해 분석 및 조언



At the Mayo Clinic, 
IBM Watson Takes Charge of Clinical Trials

Many clinical trials are not completed 
due to lack of sufficient enrollment. 



• Clinical trial information is unstructured big data.

• Matching eligible patients with trials is a matter of luck and guesswork.



• Currently, matching eligible patients with trials is a matter 
of luck and guesswork.

• Even at Mayo Clinic, just 5% of patients take part in studies. 

• Nationally, the rate is even lower, at 3%.

• Mayo hopes to raise clinical trial involvement to include up 
to 10% of its patients, through collaboration with Watson.

At the Mayo Clinic, 
IBM Watson Takes Charge of Clinical Trials



Wearable Healthcare Devices
웨어러블 디바이스





Google Glass How-to: Getting Started



• 구글 글래스가 실제로는 얼마나 쓸모가 있을지에 대한 의문

• 스마트폰만으로는 불가능한, 구글 글래스만의 기능은?

• Killer application을 개발하는 것이 가장 중요할 것

세르게이 브린의 pet project로 시작한 google glass 



회의론자들 조차도 의료 분야에서는 
구글 글래스의 활용을 긍정적으로 바라봄



#ifihadglass project

2013년 2월 1000명의 지원자들을 선정하여 베타테스터, ‘Google Glass Explorer’ 로 선정



Jun 16. 2014

3 out of 5 Glass Certified Partners by Glass at Work 
develop applications in medicine/healthcare





• 수술 중 영상데이터 참고

• 수술 중 의견 교환

• 진료 기록 저장 및 공유

• 오지 및 전시 의료

• 엠뷸런스 내 응급환자

• 의과 대학생 교육용





• 내장에 관을 삽입하는 경피내시경 위루조성술 (PEG)이라는 비교적 일상적인 수술을 수행

• 구글 글래스로 수술의 전 과정을 자신의 아이패드에 원격으로 접속하여 생중계 및 녹화

Eastern Maine Medical Center의 Rafael J. Grossmann

수술에 구글 글래스를 활용한 의사들 I



수술에 구글 글래스를 활용한 의사들 II

• 환자의 CT 스캔 이미지를 구글 글래스를 통해 확인하면서 수술을 진행

• 환자와 영상 검사 결과를 번갈아 보는 것이 수술에 “엄청난 도움이 되었다 (extraordinary helpful)” 

• “운전을 할 때, 잠깐씩 백미러를 보는 것에 문제가 없는 것과 같다”

 UCSF Medical Center 의 흉부외과 전문의  Pierre Theodore 



수술에 구글 글래스를 활용한 의사들 III

• 글래스를 통해 이 수술은 도시의 반대편에 위치한 동료의사에게 중계

• Ohio State University 의과대학 학생들에게도 생중계되어, 랩탑으로 수술을 실시간 견학

 Ohio State University Wexner Medical Center의 Dr. Christopher Ceding



수술에 구글 글래스를 활용한 의사들 III

• 글래스를 통해 이 수술은 도시의 반대편에 위치한 동료의사에게 중계

• Ohio State University 의과대학 학생들에게도 생중계되어, 랩탑으로 수술을 실시간 견학

 Ohio State University Wexner Medical Center의 Dr. Christopher Ceding



수술에 구글 글래스를 활용한 의사들 III

 Ohio State University Wexner Medical Center의 Dr. Christopher Ceding

“솔직히, 수술에 들어간 후에는 내가 글래스를 쓰고 있다는 것조차 잊어버렸다. 

글래스는 아주 직관적이며, 착용하지 않은 것과 다름 없을 정도로 편리하다.”



Rhode Island Hospital Launches Country’s First Google 
Glass Study in Emergency Department Setting

2014.3

“In this study, we will use Google Glass to 
stream live images of a patient’s dermatological 
condition to the consulting dermatologist. 
As the emergency medicine physician observes 
the patient’s skin condition, the consulting 
dermatologist will be able to see identical 
images on a tablet in real time, giving the 
dermatologist the ability to offer appropriate 
advice, diagnosis and treatment options.”

- Paul Porter, MD



Beth Israel to use Google Glass 
throughout emergency room

2014. 4.

Beth Israel Deaconess is expanding the 
use of Google Glass to its entire 
emergency department, and the hospital 
said it is the first in the United States to 
employ the device for everyday medical 
care. 

Before entering the room, the Beth Israel 
doctor can scan the QR code with his 
Glass, and the patient’s information is 
promptly displayed on the screen.



 UC Irvine School of Medicine first to 
integrate Google Glass into curriculum

2014. 4.

UC Irvine School of Medicine is taking steps 
to become the first in the nation to 
integrate the wearable computer into its 
four-year curriculum – from first- and 
second-year anatomy courses and clinical 
skills training to third- and fourth-year 
hospital rotations.



Google Glass enters 
operating room at Stanford

2014. 7.

Stanford University Medical 
Center’s Department of Cardiothoracic 
Surgery has started using Google Glass 
in its resident training program. 

While a resident is operating on a 
patient, surgeons can use the 
CrowdOptic software to watch the 
resident’s progress and send visual 
feedback to the resident on technique.



Chicago's MedEx is Behind the First Ambulances in 
the Country to Use Google Glass

2015. 2.

MedEx, a Chicagoland provider of 
ambulance and telemedicine services, is 
behind the first line of ambulances in the 
country to use Google Glass to visually 
connect paramedics in the field. This 
week, the company is rolling out 10 
ambulances with Google Glass devices 
that feature software enabling 
paramedics to transmit live audio and 
video to hospitals.





“어디가 아프세요?”



전자 의료 기록 (EMR) 시스템에 
기록을 입력하기 위해서 

의사들은 업무 시간 중 1/3을 소모



“re-humanize the doctor/patient interaction”





Augmedix + Myo: Redefining Patient-physician Interactions



12%

20%

33%

35%

Time Allocation of Physician’s Day

Other

In EHR - Other

In EHR - Charting

Direct Patient Care

WITHOUT
GLASS + AUGMEDIX

WITH
GLASS + AUGMEDIX

Patients seen at Dignity Health (Ventura, CA)
In primary care setting

N=523 patients (Pre Augmedix Study) across 3 physicians
N=1106 patients (Augmedix Supported Study) across 3 physicians
Data includes time spent both in the clinic and at home
EHR=Electronic Health Record

70%

9%

6%

15%

• 캘리포니아  Ventura Medical Clinic에서 임상연구

• 2014년 1월부터 2,700 건의 환자 진료에 적용

• EMR 데이터 입력 시간:  총 근무 시간의 53% ➞ 15%

• 환자와 대면하는 시간: 총 근무 시간의 35% ➞ 70%

http://www.dignityhealth.org/Video/GLASS



Strong Patient Acceptance

Augmedix observed 200 patient-physician interactions and discovered that virtually 
all of the patients, when given the option to refuse Glass use during the consultation, 
opted to allow the physician to wear the device.



열심히 처방해주면 뭐하겠냐...



“환자들 중 최소 절반은 처방대로 약을 복용하지 않는다”
- World Health Organization- 

“처방을 따르지 않는 것 때문에 연간 $290 billion 의 의료 비용이 낭비.
연간 3.5 million 번의 입원과 125,000 명의 사망을 초래”

- New England Healthcare Institute - 

MEDICATION  ADHERENCE  PROBLEM



WHY
1. 잊어버려서 (esp. 만성질환 환자, 고령 환자)
2. 심리적인 이유: ‘이만하면 다 나은 것 같은데?’ / 부작용에 대한 불안
3. 금전적인 이유



Smart Pill Cap
(Vitality’s GlowCap)

Smart Pill Box
(MedMinder’s Pill Dispenser)

어떻게 해야 환자들이  
처방대로 약을 잘 복용할까?

Smart Phone App
(J&J Care4Today)



약을 정말 복용하는지, 혹은 그냥 버 리는지
여부는 알 수 없다.



약에 추적 센서를 달아서
환자가 제대로 복용하는지를 알 수 있다면?



INGESTIBLE SENSOR of PROTEUS

• 소화 가능한 센서 (Ingestible Sensor), a.k.a. ‘스마트 필 (Smart Pill)’

• 모래알 크기의 센서로, 무기질인 ‘구리’와 ‘마그네슘’으로 구성

• 약에 달아서 복용한 후, 위액과 반응하면 1.5 볼트의 미세 전류 발생
• ‘레몬 전지’ 의 원리 (Powered by You!)

• 이후 센서는 자연스럽게 소화됨

• 이 전류를 패치로 감지하여, 스마트폰/클라우드 등에 기록으로 남김
• 실제 약을 복용했을 때만 기록이 남음

• 2012년 7월 FDA 승인, 2010년 유럽 CE 마크 획득
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First Helius Product Designed for Family Carers 

Nudges that know you 
Customizable notifications are 
smart – based on real-time data 
and usual patterns. 

A personal info stream 
A ribbon with activity and 
medication shows daily patterns, 
so conversations can move 
beyond health tactics. 

Insights into trends 
Longitudinal charts identify trends 
early and can easily be sent to 
caregivers or clinicians. 

Proteus Presentation Ecosystem Meeting March 2013



IEEE Trans Biomed Eng. 2014 Jul 

An Ingestible Sensor 
for Measuring Medication Adherence

0018-9294 (c) 2013 IEEE. Translations and content mining are permitted for academic research only. Personal use is also permitted, but republication/redistribution requires IEEE
permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/TBME.2014.2341272, IEEE Transactions on Biomedical Engineering
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Each test location was marked using suction and 
electrocautery. This pulse delivery method was repeated on 
the stomach and the esophagus endoscopically, and again on 
the stomach via a gastrostomy. After the animal was 
euthanized, gross necropsy and histologic analysis were 
performed. No evidence of pulse-related injury was detected, 
supporting the assessment of negligible risk of 
electrochemical injury from the sensor.  

 

C. Pharmaceutical integration 
The ingestible sensor is intended to be integrated with a 

pharmaceutical oral dose form (tablet or capsule). This can be 
accomplished via one of three approaches during 
pharmaceutical manufacturing. The device can be 
incorporated into a tablet during tablet compression, placed 
inside a hard gelatin capsule during capsule filling, or 
attached to the surface of a tablet or capsule using an edible 
adhesive layer. 

All three approaches have been successfully demonstrated 
via benchtop, preclinical, and clinical studies. In all cases, the 
combined dose form must meet the requirements of the 
pharmaceutical product – drug assay and effective release 
(typically evaluated via dissolution testing), stability, visual 
appeal, and physical integrity - while providing a suitable 
vehicle for delivery and activation of the sensor. The 
approaches and relevant case studies are presented in detail 
elsewhere [38], [39].  

D. Clinical Performance 
The ingestible sensor was evaluated in a series of clinical 

trials involving healthy volunteers or patients in specific 
therapeutic areas, including those with hypertension, heart 
failure, diabetes mellitus, tuberculosis, bipolar affective 
disorder, and schizophrenia (see Table IV). Testing was 
performed in adults with Body Mass Index ranging from 16.0 
to 56.8 kg/m2. The therapeutic areas selected were those 
where a compelling need exists for a networked system to 
measure medication adherence and complementary 
physiologic metrics. In each trial, the sensor was tested as part 
of a complete system, consisting of the sensor integrated with 
a suitable dose form (tablet or capsule), a receiver unit worn 
by the patient, and a device for interfacing with the system 
(typically a cell phone with a graphical user interface). 
Physiologic metrics such as heart rate, blood pressure, 
activity, and sleep quality were measured and compared with 
adherence patterns to provide a continuous, real time picture 
of a patient’s health. The designs and results of individual 
clinical trials have been reported elsewhere [15], [16], [38], 
[39]. Here, we focus on the aggregate performance of the 
ingestible sensor across all trials (Table IV).  

The primary measure of sensor performance in vivo is the 
positive detection accuracy (PDA). PDA is defined as the 
percentage of detected devices that have been administered 
under direct observation. The most recent confirmatory study 
of performance, which tested the latest configuration of the 

system, demonstrated a PDA of 99.1% (321 detected/324 
ingested under direct observation, 95%CI 97.3% - 99.7%).  

The 0.9% of devices that went undetected represent 
contributions from all components of the system. For the 
sensor, the most likely contribution is due to physiological 
corner cases, where a combination of stomach environment 
and receiver-sensor orientation may result in a small 
proportion of devices (no greater than 0.9%) being missed. 

 
Table IV- Exposure and performance in clinical trials 

412 subjects 

20,993 ingestions 

Maximum daily ingestion: 34  

Maximum use days: 90 days  

99.1% Detection accuracy 

100% Correct identification 

0% False positives  

No SAEs / UADEs related to system  

Trials were conducted in the following patient populations. The number of 
patients in each study is indicated in parentheses: Healthy Volunteers (296), 
Cardiovascular disease (53), Tuberculosis (30), Psychiatry (28). 
SAE = Serious Adverse Event; UADE = Unanticipated Adverse Device 
Effect)  

 
 

Lifetime (min) Mean amplitude (µV)

b) c)

 
 
Fig. 7 - Typical in vivo discharge profiles for three ingestible sensors (a-b) 
and histograms of device lifetimes (b) and mean amplitude (c) from a 
representative clinical study. 

 
Fig. 7a shows typical in vivo signals from several sensors 

ingested by healthy volunteers. Sensors were compressed 
inside non-active tablets for this study. The difference in 
duration of discharge of the devices shown is due to 
differences in local stomach conductivity and device 
impedance. The signal strengths are different because the 
local environment, sensor position, and orientation are free to 
vary with time; the discrete amplitude changes within each 
device are most likely due to sensor movement, whereas 
differences in chemical environment occur on a slower time 

 Exposure and performance in clinical trials



• FastCompany 선정 2013년 가장 혁신적인 회사 34위

• 다국적 제약사들, 특히 노바티스에서 큰 관심을 보이고 있음
• 2010년 장기이식 거부반응 약에 사용할 권리를 $24m 에 라이센싱

• 의사 처방대로 약을 잘 복용하는 것이 특히 중요한 질병에 우선 적용

• 심혈관 계통 질환, 중추 신경계 질환 (알츠하이머, 헌팅턴 …), 장기이식 거부반응 etc



• 환자: 더욱 효율적으로 치료 받을 수 있음
• 복용 정보를 자신, 주치의, 보호자 등과 정보 공유 가능

• 잊지 않고 처방에 따른 복용 가능

• 의사: 환자를 더욱 효과적으로 치료 가능 

• 환자의 더딘 호전이, 약의 효능 때문인지, 약을 제대로 복용하지 않기 때문인지 판단 가능

• 제약회사
• 임상 시험 참가자 관리 및 데이터 신뢰 여부를 따질 수 있음

• 피실험자의 재택 임상 시험도 좀 더 용이해짐

• 의료보험사: 처방을 따르지 않는 환자에게 보험상의 불이익 가능

무엇이 가능해질까?



“Virtual” Clinical Trial 
Allowing Patients to Participate Regardless Of Geography





Clinical trial researchers using Oracle’s 
software will now be able to track 
patients’ medication adherence with 
Proteus’s technology.

- Measuring participant adherence to
  drug protocols
- Identifying the optimum dosing
  regimen for recommended use

Jan 12, 2015



Leaf Healthcare



Each year, over 1 million patients 
will suffer from a hospital-acquired pressure ulcer. 

The total cost of treating pressure ulcers 
in the United States per year is ~$10B.





Using the device increased compliance with 
hospital turn protocols – a standard of 
care to prevent pressure ulcers – from a 
baseline of 64 percent at the start of the 
trial to 98 percent after the monitoring 
system was deployed.

Dec 3 2014





• Biogen Idec, 다발성 경화증 환자의 모니터링에 Fitbit을 사용

• 고가의 약 효과성을 검증하여 보험 약가 유지 목적

• 정교한 측정으로 MS 전조 증상의 조기 발견 가능?

Dec 23, 2014









• 영국의 은행 Halifax 가 Nimbi 밴드를 개인 인증에 사용 고려
• 웨어러블 기기를 통한 데이터 수집 시에도 활용도 높을 것  

March 13, 2015



3D Printer
3D 프린터로 구현하는 맞춤 의료





Replicator







Winsun: 3D Printed House



Winsun: 3D Printed House







3D Printed Hearing Aid





3D Printed Teeth



3D Printed Jaw



3D Printed Jaw





기관기관지연화증 (tracheobronchomalacia)



3D Printing Is a Matter of Life and Death



3D Printing Is a Matter of Life and Death

N Engl J Med 2013; 368:2043-2045



N Engl J Med 2013; 368:2043-2045





3D Printed Skull

22세 네델란드 여성 환자
2014.3



3D Printed Skull



환자 맞춤형 안면 윤곽 재건



환자 맞춤형 안면 윤곽 재건



Strictly confidential !

-­‐ Min-­‐Hyeong	
  Heo,	
  18	
  years	
  old
-­‐ Acquired	
  deformity	
  by	
  cancer	
  (myxoid	
  chondrosarcoma)	
  therapy	
  at	
  age	
  10	
  
-­‐ Asymmetric	
  eyes’	
  height;	
  Depressed	
  malar	
  region

Depressed

The Korean first KFDA approved 3D-printed biodegradable scaffold (09. 2014)

Pa)ent’s	
  skull	
  model	
  exported	
  from	
  
CT	
  image

Mirrored	
  normal	
  region	
  model	
  (le;	
  side)	
  
into	
  depressed	
  region	
  (right	
  side)

3D	
  printed	
  polycaprolactone	
  (PCL)	
  scaffoldImplanta)on	
  into	
  skull

*	
  Co-­‐work	
  group	
  :	
  Dr.	
  Jong	
  Won-­‐Rhie,	
  Department	
  of	
  Plas)c	
  and	
  Reconstruc)ve	
  Surgery,	
  The	
  Catholic	
  University	
  of	
  Korea	
  (Seoul	
  St.	
  Mary's	
  Hospital)
	
  /Dr.	
  Dong-­‐Woo	
  Cho,	
  Department	
  of	
  Mechanical	
  Engineering,	
  POSTECH/	
  T&R	
  Biofab	
  (Bio	
  venture	
  company	
  in	
  Korea)



Strictly confidential !

Implantation of 3D printed biodegradable scaffold (degradation period 2~3 years) 

*	
  Co-­‐work	
  group	
  :	
  Dr.	
  Jong	
  Won-­‐Rhie,	
  Department	
  of	
  Plas)c	
  and	
  Reconstruc)ve	
  Surgery,	
  The	
  Catholic	
  University	
  of	
  Korea	
  (Seoul	
  St.	
  Mary's	
  Hospital)
	
  /Dr.	
  Dong-­‐Woo	
  Cho,	
  Department	
  of	
  Mechanical	
  Engineering,	
  POSTECH	
  /	
  T&R	
  Biofab	
  (Bio	
  venture	
  company	
  in	
  Korea)

Pre-­‐op post-­‐op	
  (4d) post-­‐op	
  (2wk) post-­‐op	
  (4wk)



2014.10.02

with the courtesy of prof. Jin-Hyung Shim (Korea Polytechnic University)



Smart/Mobile Healthcare
스마트/모바일 헬스케어



2013년에는 어떻게 바뀌었을까요?





Smart phone (2)
2007





CellScope’s iPhone-enabled otoscope



PEEK (portable eye examination kit)

http://www.peekvision.org



Kinsa Smart Thermometer



Withings Wireless Blood Pressure Monitor



iPhone Breathalyzer





AliveCor Heart Monitor





Dr. Eric Topol on AliveECG

• Eric Topol, MD, Ph.D.

• 스크립스 중개과학 연구소 소장

• 세계적 심혈관계질환 전문의 (Vioxx 퇴출 주도)

• 디지털 헬스케어 전도사, ‘청진기가 사라진다’의 저자



Heart Monitor of AliveCor

• 2012년 12월 FDA 승인
• 처음에는 전문의들에게만 판매

• 이후, 의사의 처방이 있으면 환자들도 구입 가능

• 환자들이 평소에 자신의 심장 부정맥을 관찰할 때 사용 가능
• 부정맥이 발생하는 순간 심전도를 스스로 측정, 기록, 전송 가능



2014년 2월 10일
Over the counter 판매 FDA 승인

의사의 처방 없이, 
일반인들도 구매 가능





측정 시 증상

심계항진

어지럼증

호흡곤란

피로감

가슴 통증

운동

측정 시 활동

약

커피
기상직후



AliveInsight, the remote ECG interpretation service

AliveCor AliveInsights will allow patients to send their 
recorded ECG readings to remote cardiac technicians 
or cardiologists for interpretation at any time, for a fee.

단순히 정확한 ‘측정’에만 그치지 않고,
환자에게 실질적인 효용을 제공



•미국의 심혈관계 전문의로부터 
• 24시간 내에
•데이터 해석 및 권고 사항 제공
• $12

•심혈관계 전문가 (전문의는 아님)
•데이터 해석 + 권고사항 없음
• $5 ➞ 30분 내
• $2 ➞ 24시간 내



“심장박동은 안정적이기 때문에, 
당장 병원에 갈 필요는 없겠습니다. 
그래도 이상이 있으면 전문의에게 
진료를 받아보세요. “



AliveCor Offers Integration With 
Practice Fusion's Electronic Health Records Platform

• 미국에서 가장 큰 전자의료기록(EMR) 회사인 Practice Fusion과 연동

• 환자들이 평소에 측정한 ECG 데이터가 EMR과 실시간 연동

• 모바일 헬스케어로 측정한 데이터를 의사들이 진료에 활용 가능!

모바일 헬스케어가 주류 의료 시스템과 결합



“AliveCor has received an additional FDA 
510(k) clearance, this time for an algorithm 
that allows its smartphone ECG to detect 
atrial fibrillation with high accuracy.”

“the algorithm has a 100 percent sensitivity 
(it never returns a false negative) and a 97 
percent specificity (it returns false positives 
about 3 percent of the time). For obvious 
reasons, the algorithm was designed to err 
on the side of false positives”



AliveCor, “So What?”
• With measured ECG data,

• 1.  We can send it to doctor and get diagnosis.

• 2.  The data is integrated into the EHR of hospitals.

• 3.  Algorithm automatically diagnose whether we have AF.

It can provide actual clinical benefits to patients!













Apple HealthKit
• ‘Health’, ‘HealthKit’ platform is included to iOS8.

• 3rd party healthcare devices/application will be integrated 
into and managed by the ‘HealthKit’ platform.

• Wellness/medical data measured by the devices will sent to 
hospitals through EHR, providing personal health services. 



Epic MyChart App Epic EHRDatabaseDexcom App

Withings App

Dexcom CGM

Nike+

Patients Device
HealthKit

Cloud

X
EHR Hospital

Whitings 

+

• Data stored in DB on the iPhone (, not mirroring to the cloud)
• Consumer controls what data goes in/out, privacy level 
• HealthKit connects/direct devices, store data based on privacy rules

Apple Watch

iPhone



• 애플 HealthKit 가 미국의 23개 선도병원 중에, 14개의 병원과 협력
• 경쟁 플랫폼 Google Fit, S-Health 보다 현저히 빠른 움직임
• Beth Israel Deaconess 의 CIO 

• “25만명의 환자들 중 상당수가 웨어러블로 각종 데이터 생산 중.

이 모든 디바이스에 인터페이스를 우리 병원은 제공할 수 없다. 

하지만 애플이라면 가능하다.”

2015.2.5



Now, let’s talk based on the data.

• Data to show efficacy & validity of digital healthcare 
technology have begun to be generated.

• Most of the data generated during last 6 months.

• And probably this is just the beginning… 



Now, let’s talk based on the data.

• IBM Watson
• 200 cases of leukemia

• Overall Accuracy 82.6%, False positive 2.9%, False negative 0.4%

• Google Glass (Augemedix)
• Over 2,700 patient visits

• Direct Patients Care: 35% ➞ 70%, In EHR: 53% ➞ 15%

• Ingestible Sensor (Proteus Digital Health)
• 412 patients, 20,933 uptakes, 5,656 days

• Accuracy 99.1%, False positive rate 0%

• AliveCor AF diagnosis
• 100% sensitivity, 97% specificity



• Google Glass (Pristine): feasibility study of dermatology consultation in ER

• Apple HealthKit : pilot studies initiated in Stanford and Duke

• Tricorder X-PRIZE: clinical study started in spring 2015

More data will be generated soon



• Personal Genome Service
• 23andMe

• Diagnosis by Computers
• IBM Watson

• Wearable Healthcare Devices
• Google Glass

• Proteus Digital Health

• 3D Printers

• Smart/Mobile Healthcare
• AliveCor

• Apple HealthKit



강연 피드백/애프터 서비스
• 이메일: yoonsup.choi@gmail.com

• 블로그: http://www.yoonsupchoi.com

• 페이스북: Yoon Sup Choi





FDA의 디지털 헬스 규제 완화 기조



“Generally, health is just so heavily regulated. It’s 
just a painful business to be in. It’s just not 
necessarily how I want to spend my time. Even 
though we do have some health projects, and 
we’ll be doing that to a certain extent. But I think 
the regulatory burden in the U.S. is so high that 
think it would dissuade a lot of entrepreneurs.”

Sergey Brin, July 2014



• 2015년 들어, FDA가 디지털 헬스 분야의
규제를 완화하는 행보들을 보이고 있음 

• “혁신적 기술의 산업화에 걸림돌이 되지 않겠다” 
를 실천으로 옮기고 있음



FDA의 디지털 헬스 규제 완화 움직임
• 모바일 헬스 (웰니스/의료기기 구분) 신규 가이드라인 제시 (2015.1.20)

• 모바일 의료기기 액세서리에 관한 신규 가이드라인 제시 (2015. 1. 20)

• MDDS 헬스 소프트웨어에 대한 규제 철폐 (2015. 2. 9)

• 23andMe 의 DTC 유전자 테스트 최초 승인 (2015.2.19)
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